Abstract. The seagrass ecosystem is an important natural carbon sink but the efficiency varies greatly depending on 20 species composition and environmental conditions. What causes this variation is not fully known and could have 
Introduction

36
Seagrass ecosystems are considered highly efficient natural carbon sinks (Mcleod et al., 2011) but there is a large 37 variation in the capacity to store carbon, depending on species composition and habitat characteristics (Lavery et al., 
38
2013; Rozaimi et al., 2013) . While the carbon sequestration efficiency is quite well documented for many seagrass 39 species (e.g. Kennedy et al., 2010; Fourqurean et al., 2012 ) the effects of different factors influencing intraspecific 40 variation has only recently been investigated. To get a more accurate estimate of the global seagrass carbon sink 41 capacity cause-effect relationships need to be better understood, and as seagrass loss is accelerating (Waycott et al., 
45
There are several environmental factors (e.g. water depth and hydrodynamic processes) and seagrass habitat variables
46
(e.g. canopy height and shoot density) that influence the carbon storage in seagrass sediments (Samper-Villarreal et al., carbon (Serrano et al., 2015) , which could be associated with higher primary production and larger standing biomass 49 stock (Serrano et al., 2014) . Dense meadows have the ability to stabilize the sediment (and thereby preventing it from 50 eroding) (Suykerbuyk et al., 2015) and seagrass habitats with a high canopy can trap a high amount of suspended 51 particles and thus potentially increase the sedimentation of organic matter (Fonseca and Cahalan, 1992 
54
large root-rhizome system could render a higher carbon storage (Kenworthy and Thayer, 1984) . In the coastal 55 environment, sediment grain size is known to influence the aggregation of organic particles with finer grain sizes 56 increasing the organic matter content of the sediment (Mayer, 1994b) . By reducing water velocity and facilitating 57 sedimentation processes a seagrass meadow could increase the amount of fine particles, which thus promote a high 58 carbon storage. Grain size has recently been shown to influence carbon storage in some seagrass areas (Röhr et al.,
66
Zostera marina L. is the most widely spread seagrass species in the northern hemisphere, with a distribution in Europe 
73
can tolerate salinity ranging from 5 to 35 (Boström et al., 2003 ) and a depth distribution from the intertidal down to 74 30 m depending on water clarity (Phillips and Meñez, 1988 
95
system and the salinity is about 5-6 outside Askö, which is on the distribution limit for Z. marina (Boström et al., 2003) .
96
Low salinity is known to negatively affect production and growth of the plant (Salo et al., 2014) . In the Baltic Sea, Z. 
127
weighing the seagrass was cleaned and epiphytes removed, and the dry weight was measured after 24-48 h in 60°C 128 until constant weight. One out of the three biomass samples collected around each core were analyzed for carbon and 129 nitrogen content (n = 6 for each meadow). The sediment samples were cleaned from roots and rhizomes, larger shells 130 and benthic organisms, and homogenized prior of drying. The sediment was dried in 60°C for approximately 48 h until 7 the weight was constant. Before drying a sediment sample it was divided into two subsamples, one for analysis of 132 carbon and nitrogen content, and the other for grain size analysis. A mixing mill (Retch 400 mm) was used to grind the 133 sediment into a fine powder to further homogenize the subsample used for analysis of carbon and nitrogen content.
134
The carbon and nitrogen contents in biomass and sediment were analyzed using an organic elemental analyzer (Flash 
136
(direct addition until the reaction of carbonate was complete) to remove inorganic carbon and dried at 60°C for 24 h.
137
Total nitrogen (NT) was derived from untreated sediment samples was used to estimate the nitrogen content due to 
143
Additionally, grey literature including thesis work was also used as well as unpublished data from colleagues.
145
Grain size analysis
147
Three sediment cores in each habitat were used for particle size analysis and each depth section was separately
148
analyzed. Prior to analysis the total dry weight of sediment for each section was determined and 100 ml of 0.05 M
149
Na4P2O7 was added to break down aggregates of clay particles. All of the sediment samples were dry-sieved for 10 min 150 using a sieving tower (CISA electromagnetic sieve shaker, Spain) (including sieves of 0.074 mm, 0.125 mm, 0.25 mm, 151 0.5 mm, 1 mm and 2 mm) and the sediment of each sieve was weighed to determine the weight of the separate fractions
152
(the average weight of the samples was 97 g). In depth sections with high organic carbon content (>0.5%), the organic 153 matter was removed prior to dry sieving, through oxidation with 35% H2O2, as the organic matter content leads to 154 aggregation of particles (Gee and Bauder, 1986) . When the reaction with H2O2 had ceased the samples were centrifuged 155 for a minimum of 20 min at 4500 RPM, in which the supernatant was carefully removed using a pipette, and 156 8 subsequently the samples were washed in distilled water and centrifuged again to remove H2O2 residues. After dry 157 seiving, some of the samples from the Skagerrak and Ria Formosa areas had to be analysed with hydrometer for an 
195
carbon was seen in the Gullmar Fjord, followed by Ria Formosa, Askö and Sozopol (Table 4 ). There were no significant 
overall model compared to the sediment characteristics. Water depth (m) was also negatively correlated to % Corg but 213 was, as with the seagrass-associated variables, of minor importance (Fig. 4) .
215
The amount of sediment particles <0.0074 mm was significantly higher in Z. marina meadows compared to unvegetated 216 areas (P < 0.001; Table 2 ). This was true for all of four areas when comparing to respective unvegetated areas (P < 217 0.05). Sediment grain size particles < 0.074 mm were significantly different between areas (P < 0.001; Table 2 ), where
218
Gullmar Fjord and Ria Formosa showed significantly higher values compared to the other areas (P < 0.001), while there 219 were no significant differences between Askö and Sozopol (Table 4 ). There was no difference in grain size particles 220 <0.074 in terms of sediment depth (Table 2) . Mean grain size (ɸ) and sediment particles < 0.074 mm (%) both showed Fig. 5d ). The sediment density (g DW mL -1 ) had a 225 negative effect on % Corg in the seagrass sites (linear regression, R 2 = 0.84, P < 0.001) and sediment porosity (%) was 226 positively related to % Corg (linear regression, R 2 = 0.80, P < 0.001; Fig. 6a and b) . There was no significant relationship 227 between % Corg and sediment density (g DW mL -1 ) in unvegetated areas while sediment porosity (%) was significantly 228 influencing % Corg but showed a low R2-value (linear regression, R 2 = 0.08, P < 0.001; Fig. S2 ).
230
The sedimentary organic carbon content relationship to the different predictor variables was not uniform among sites.
231
In a PCA model, the Gullmar Fjord and Ria Formosa were grouped separately from other sites, while the Baltic-and
232
Black Seas sites overlapped each other (Fig. 7) . The PCA model explained a large part of the variation with eigenvalues 233 of 0.44 for PC1 and 0.25 for PC2. For the fine grain size seagrass sites of the Gullmar Fjord (Table 4) , the sediment 234 characteristics (i.e. sediment particles <0.074 mm (%), sediment porosity (%) and mean grain size (ɸ)) were important 12 for the carbon content while the sedimentary carbon in Ria Formosa was more related to seagrass cover (%) and dry 
257
also showed that the Swedish Skagerrak coast (e.g. the Gullmar Fjord) has an overall high carbon storage capacity 258 (Table 5 ). The lowest carbon content were found in the Baltic-and Black Sea (no previous studies on sedimentary 259 carbon content could be found for the Black Sea; Table 5 ). This could be related to less suitable physical conditions of 
285
which slows down the degradation process of organic matter (Hedges and Keil, 1995) . Sediment grain size has recently 286 been described as a strong predictor for carbon storage in another blue carbon habitat, i.e. saltmarshes (Kelleway et 
289
The relations between carbon storage and various sediment characteristics are more pronounced in meadows with 290 low seagrass biomass and high proportion of finer particle sizes, while in meadows with larger seagrass species, i.e.
291
Posidonia
293
the smaller sized Z. marina plants will potentially contribute less to the sediment organic matter pool, which might be 294 the reason to why the proportion of fine sediment particles was strongly coupled to a high carbon content in the present 295 study. Other factors have previously shown to be of importance, such as water depth, meadow productivity, 296 sedimentation rate, trapping of fine-grained sediment and organic matter (Serrano et al., 2015) , and while these factors
297
were not seen or accounted for in this study they may also be relevant when determining areas of high carbon storage 
304
A high organic content in the sediment could, however, cause a depletion of oxygen (Holmer, 1999) and at too low 
326
and could be a potential explanation to variation in carbon storage among seagrass meadows (Serrano et al, 2015) .
328
The continuous loss of seagrass areas (Waycott et al., 2009 ) leads to a decline in natural carbon sinks (Dahl et al., 2016;  329 Marbà et al., 2015) , and to ensure efficient management, factors for high carbon storage capacity should be evaluated.
330
Several environmental and seagrass-related factors have shown to be of importance, i.e. water depth (Serrano et al., 
332
2016). In our study, the main factors related to high carbon storage were the sediment density and porosity, and 333 amount of fine grain size particles in the sediment, whereas the seagrass-associated variables had a minor influence.
334
Therefore, we highlight that the sediment characteristics is an important factor for a high carbon storage potential in 335 these types of Z. marina meadows, and should be taking into consideration (together with other relevant factors) when 336 evaluating high priority areas for protection of efficient carbon storage Z. marina areas.
338
Data availability
340
All data is presented in the manuscript and supplementary figures. Figure S1 , shows the variance of importance (VIP) 341 for the response variables in the PLS model (see Fig. 4 ). Figure S2, semi-log 
